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Objectives

Femoral neck fractures are a common injury, particularly in our aging population. These
injuries are frequently treated with hemiarthroplasty, which often yields a positive
outcome for patients. However, periprosthetic fracture represents a devastating potential
complication of this procedure that confers substantial mortality and morbidity. To better
understand risk factors for this sequela, we investigated the association between
proximal femur morphology, cortical thickness index (CTI), and periprosthetic fracture

following uncemented hemiarthroplasty.

Methods

A retrospective chart review of 97 patients at a single institution who underwent
hemiarthroplasty from 2011 to 2021 was conducted. These patients were stratified
according to proximal femur morphology using the Dorr classification system, using
measurements derived from radiographs obtained at the time of injury. The mean CTI at

the time of the procedure was also calculated.

Results

Overall, the incidence of periprosthetic fracture was 5.2% (5/97). We found that the rate
of periprosthetic fracture was highest in those with Dorr C proximal femur morphology
(7.7%) and lowest in those with Dorr A proximal femur morphology (0%), although this
result did not achieve statistical significance (P=0.66). In contrast, the mean CTI among
patients who experienced periprosthetic fracture was approximately 19% lower than that
of the comparison group (0.42 versus 0.52, P=0.006).

Conclusion

The results of this study suggest that the cortical thickness index, but not the Dorr
classification of proximal femur morphology, is associated with periprosthetic fracture

following uncemented hemiarthroplasty.

INTRODUCTION

Hip fractures are a common orthopaedic injury in the el-
derly population and can lead to substantially reduced
quality of life.12 Displaced femoral neck fractures are fre-
quently treated with either cemented or uncemented hemi-
arthroplasty, with each conveying its own unique benefits

and drawbacks.3 Cemented hemiarthroplasty has been
shown to result in better quality of life than uncemented
hemiarthroplasty.4 This technique is also associated with
lower incidence of periprosthetic fracture, prosthetic sub-
sidence, and implant loosening.%5 Conversely, cemented
hemiarthroplasty is correlated with reduction in intraoper-
ative blood pressure and, although rare, can result in car-
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diovascular collapse and death.4 Furthermore, it has been
reported that approximately half of the mortalities that oc-
cur within one day of cemented hemiarthroplasty can be at-
tributed to the use of bone cement, known more formally as
bone cement implantation syndrome.®

In contrast, uncemented hemiarthroplasty allows for a
shorter operation time and less procedural blood loss in
comparison to cemented hemiarthroplasty.® Additionally,
one investigation reported a reduced risk of postoperative
pulmonary embolism following uncemented hemiarthro-
plasty.” However, it has been reported on numerous occa-
sions that uncemented hemiarthroplasty conveys a higher
risk of periprosthetic fracture.4589 Fernandez et al. re-
ported a more than four-fold increased prevalence of
periprosthetic fractures in uncemented hemiarthroplasty
(2.1%) compared with cemented hemiarthroplasty (0.5%).%
This complication is particularly devastating, as peripros-
thetic fracture following hemiarthroplasty was associated
with a 30 day mortality rate of 12.5% and a one year mor-
tality rate of 28.1%.10

Based on these data, it is important to consider the risk
of periprosthetic fracture if opting for uncemented hemi-
arthroplasty. One potential factor that may influence the
rate of periprosthetic fracture following hemiarthroplasty is
proximal femur morphology, which can be described via the
Dorr classification.!! This system classifies patients into
one of three categories: Dorr A, B or C. Dorr A patients pos-
sess thick and distinct cortices with a narrow diaphyseal
canal.12 This is followed by Dorr B patients who have a
thinner cortex and wider diaphyseal canal, followed by Dorr
C patients who demonstrate substantial loss of medial and
posterior cortices alongside a very wide canal.12 Ultimately,
this morphology can affect femoral stem fit and bone qual-
ity, particularly following hemiarthroplasty, which may
translate to worsened postoperative outcomes.!2 Alterna-
tively, cortical thickness index (CTI) is a measure of un-
derlying bone mineral density (BMD) that may play a role
in perioperative outcomes following hemiarthroplasty, no-
tably intraoperative periprosthetic fracture.!314 However,
it remains unclear whether decreased CTI is associated with
periprosthetic fracture after successful implant place-
ment.!516 The purpose of this study was to further investi-
gate the association between both Dorr classification prox-
imal femur morphology, cortical thickness index, and the
incidence of periprosthetic fracture following uncemented
hemiarthroplasty. Our hypothesis is that patients with Dorr
C morphology will have a higher prevalence of peripros-
thetic fracture than those with Dorr A and Dorr B morphol-
ogy whereas CTI will demonstrate a negative correlation
with this outcome.

METHODS

Institutional Review Board approval was obtained, and a
retrospective chart review was conducted of patients who
underwent hemiarthroplasty for femoral neck and head
fractures at a single level one trauma center from January
1, 2011 to December 31, 2021. Only patients who under-
went uncemented hemiarthroplasty were included. In total,

Z = mid lesser trochanter line
AA = proximal endosteal line

BB = intramedullary canal
isthmus

CC = calcar isthmus

CC Ratio = BB/CC

Figure 1. Dorr Calculation Method

there were 97 patients diagnosed with a femoral neck and
head fracture who underwent an uncemented hemiarthro-
plasty (CPT 27236) during this period. Adult patients (ages
18 and older) were included in the study. Prisoners, preg-
nant individuals, and patients with concurrent injuries
were excluded.

The primary endpoint of the study was the incidence
of periprosthetic fracture. Patients were stratified based on
proximal femur morphology using the Dorr classification
system. Dorr classification was determined by measuring
proximal femur dimensions using anterior-posterior (AP)
hip radiographs taken at the time of femoral neck or head
fracture [Figure 1]. A line was drawn through the midpoint
of the lesser trochanter, perpendicular to the long axis of
the femur. Longitudinal lines were then drawn through the
canal width at 30 mm and 100 mm below the midpoint of
the lesser trochanter. Intramedullary canal width was mea-
sured at 100 mm, and the calcar isthmus was measured us-
ing the longitudinal lines intersection point with the mid-
point of the lesser trochanter. The intramedullary canal
width was divided by the calcar isthmus to give the canal to
calcar isthmus ratio. Canal to calcar isthmus (CC) ratios less
than 0.5 were classified as having Dorr A proximal femur
morphology, between 0.5 and 0.75 as having Dorr B mor-
phology, and greater than 0.75 as having Dorr C morphol-
ogy.

CTI was also calculated as a ratio of cortical thickness
to total width at 100 mm below the midpoint of the lesser
trochanter. Each of these assessments were performed by
the primary author (LE), a medical student. Implant type,
laterality of fracture, mechanism of injury, and American
Society of Anesthesiologists (ASA) grade was recorded. The
incidence of periprosthetic fracture was noted via chart re-
view, and mechanism of periprosthetic fracture, time to
fracture, intervention post fracture, and time to death were
charted. Baseline and demographic characteristics were
summed using descriptive statistics, and a t-test and chi-
squared test was used to analyze the data. A p-value < 0.05
indicates statistical significance.
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Table 1. Incidence of periprosthetic fracture based on proximal femur morphology

Proximal Femur Number of Number of Incidence
Morphology Patients Periprsthetic Fracture of PPF
(PPF) (%)
All 97 5 5.2%
Dorr A 9 0 0%
DorrB 62 3 4.8%
DorrC 26 2 7.7%

Abbreviations — PPF, periprosthetic fracture

RESULTS

A total of 97 patients who underwent uncemented hemi-
arthroplasty within the study period were identified. The
mean age was 79.1 years, and 60.9% were female (59/97).
White patients represented 43.3% of the study population
whereas 38.1% of patients were Black or African American,
12.4% were Hispanic or Latino, and 2.1% were Asian; the
remaining four patients identified as unknown or other
race. Across all patients that underwent an uncemented
hemiarthroplasty, the most common comorbidities were
dementia (24.7%) and diabetes (20.6%). 7.2% of patients
were ASA grade 2, 79.4% were ASA grade 3, 12.4% grade 4,
and 1.0% grade 5.

Nine patients (9.3%) were classified as having Dorr A
proximal femur morphology, 62 patients (63.9%) as having
Dorr B morphology, and 26 patients (26.8%) as having Dorr
C morphology (Table 1). No Dorr A patients experienced a
periprosthetic fracture. In total, three patients with Dorr
B morphology at the time of injury and two patients with
Dorr C morphology experienced a periprosthetic fracture
(5.2%) [Table 1]. This result was not statistically significant
(P=0.66). The most common comorbidities amongst this
subset were osteoporosis (40%) and the presence of a solid
tumor (40%). Osteoporosis, peripheral vascular disease,
peptic ulcers, liver disease, chronic kidney disease, and the
presence of a solid tumor were all more prevalent in pa-
tients that experienced periprosthetic fracture, although
none achieved statistical significance (all P>0.05). Two of
the fractures occurred intraoperatively during the hemi-
arthroplasty (on postoperative day 0), two during mechan-
ical falls post-hemiarthroplasty (on postoperative days 64
and 2,172), and one during removal of hip prosthesis (on
day 1,008 post-operatively). The mortality rate associated
with the incidence of periprosthetic fracture was 40% (2/5),
with a time to death of 4 days and 83 days following the
second fracture event. The canal to calcar isthmus ratio was
a mean of 0.68 across the entire patient population com-
pared with 0.71 for the patients who experienced peripros-
thetic fracture (P=0.42). The mean CTI across all patients
was 0.52, whereas the mean CTI across the patients that ex-
perienced periprosthetic fracture was 0.42 (P=0.006).

Of the 97 individual charts reviewed, the type of implant
used in the uncemented hemiarthroplasty was identified in
95 of subjects. We found that 27 patients (28%) received a
Zimmer Biomet (Warsaw, IN) implant, 35 (37%) a Stryker
implant (Portage, MI), and 33 (35%) a DePuy Synthes

(Raynham, MA) implant. Of the subset of patients who ex-
perienced a periprosthetic fracture, one (20%) patient had
a Zimmer Biomet implant, two (40%) patients had a Stryker
implant, and two (40%) patients had a DePuy Synthes im-
plant. In comparison to the broader cohort, 3.7%, 5.7%, and
6.1% of patients who received these respective implants ex-
perienced a periprosthetic fracture.

DISCUSSION

In comparison to prior literature, a relatively low propor-
tion of patients (9.3%) had Dorr A proximal femur morphol-
ogy.1718 Park et al. classified 56% of patients as Dorr A,
however, the average age of the patients that demonstrated
Dorr A morphology in their study was substantially younger
than that of the present study (50.6 versus 79.1 years).1”
In contrast, Murphy et al. describe similar distributions of
proximal femur morphology, as 16% were Dorr A, 76.6%
Dorr B, and 7.3% Dorr C.!8 This closely aligns with our re-
sults and is likely attributable to patient populations more
similar in age, as the cohort studied by Murphy et al. had a
mean age of 80.4 years.18

Both Dorr B and Dorr C classifications were predominant
in female patients. There were 37 female patients classified
as Dorr B (60.0%) and 19 female patients classified as Dorr
C (73.1%). In contrast, a higher proportion of male patient
were denoted as Dorr A (66.7%). This distribution seems to
align with previous literature as Wilkerson et al. found that
older female patients have wider diaphyseal canals than
younger female patients, a phenomenon which was not ob-
served in male patients.12

With regard to proximal femur morphology, the highest
incidence of periprosthetic fracture was seen in patients
that have Dorr C classification (7.7%). This incidence is sim-
ilar to the incidence of periprosthetic fractures found in the
setting of uncemented hemiarthroplasty by Murphy et al. of
10.3%.18 As stated previously, patients with Dorr C proxi-
mal femur morphology have wider femoral canals and thin-
ner cortices as compared to those that have Dorr B and Dorr
A proximal femur morphology.!? It is important to note,
however, that no significant differences in periprosthetic
fracture risk incidence were observed across the three Dorr
classifications.

Furthermore, the cortical thickness index, which is an-
other radiographic measurement that can help assess bone
morphology, was on average 0.52 for all patients that were
reviewed, but just 0.42 for patients that experienced
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periprosthetic fracture. This corresponds with an approxi-
mately 19% lower index, which was statistically significant.
Therefore, this result indicates that patients who developed
periprosthetic fracture had thinner, potentially compro-
mised, cortices and supports using CTI to assist in evalu-
ating risk of periprosthetic fracture prior to surgery. This
result contrasts with the existing literature, as CTI demon-
strated no association with femoral stem subsidence ac-
cording to Badoux et al.1> Further, a retrospective analysis
of 233 patients who underwent endomedullary nailing or
total/hemiarthroplasty for the treatment of proximal femur
fracture found no correlation with CTI and mechanical
complications, including periprosthetic fracture.1¢ Regard-
less, CTI should not be considered in isolation from other
factors, as patients with femoral head or neck fractures pre-
sent with varying comorbidities, ages, and levels of activity,
which all play a role in overall outcomes. Nonetheless, our
research highlights the potential importance of evaluating
proximal femur morphology to assess the risk of peripros-
thetic fracture following uncemented hemiarthroplasty.
The study was limited by its overall sample size (97 pa-
tients), as well as the number of patients who experienced
a periprosthetic fracture (5 patients). This is likely to con-
tribute to study underpowering and increases the proba-
bility of Type II error as no statistically significant differ-
ence in periprosthetic fracture risk across the three Dorr

classifications was observed. Additionally, this study was
retrospective in nature, therefore there is inherent bias.
Assignment of Dorr classification and calculation of CTI
by a single individual precluded interobserver reliability;
intraobserver reliability testing was also not performed.
Lastly, patients may have experienced fractures outside of
our institution and would not have been captured as an out-
come.

CONCLUSION

This retrospective study found a nonsignificant higher in-
cidence of periprosthetic fracture following uncemented
hemiarthroplasty in patients who had Dorr C proximal fe-
mur morphology than those with Dorr A and Dorr B clas-
sifications. In contrast, the mean cortical index amongst
patients who developed periprosthetic fracture was signif-
icantly lower than the comparison group. Put together,
these findings demonstrate that cortical index may confer
greater utility than Dorr classification when evaluating the
risk of periprosthetic fracture amongst patients eligible for
uncemented hemiarthroplasty.
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